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OBJECTIVE — To determine whether disparities in the nature and management of type 2 
diabetes persist between Aboriginal and the majority Anglo-Celt patients in an urban Australian 
community. 

RESEARCH DESIGN AND METHODS— Baseline data from the observational Freman- 
tle Diabetes Study collected from 1993 to 1996 (phase I) and from 2008 to 201 1 (phase II) were 
analyzed. Patients characterized as Aboriginal or Anglo-Celt by self-report and supporting data 
underwent comprehensive assessment, including questionnaires, examination, and biochemical 
testing in a single laboratory. Generalized linear modeling with age/sex adjustment was used to 
examine differences in changes in variables in the two groups between phases I and II. 

RESULTS — The indigenous participants were younger at entry and at diabetes diagnosis than 
the Anglo-Celt participants in both phases. They were also less likely to be educated beyond 
primary level and were more likely to be smokers. HbA lc decreased in both groups over time 
(Aboriginal median 9.6% [interquartile range 7.8-10.7%] to 8.4% [6.6-10.6%] vs. Anglo-Celt 
median 7.1% [6.2-8.4%] to 6.7% [6.2-7.5%]), but the gap persisted (P = 0.65 for difference 
between phases I and II by ethnic group). Aboriginal patients were more likely to have micro- 
vascular disease in both phases. The prevalence of penpheral arterial disease (ankle-brachial 
index <0.90 or lower-extremity amputation) increased in Aboriginal but decreased in Anglo- 
Celt participants (15.8-29.7 vs. 30.7-21.5%; P = 0.055). 

CONCLUSIONS — Diabetes management has improved for Aboriginal and Anglo-Celt 
Australian patients, but disparities in cardiovascular risk factors and complications persist. 



Diabetes is more common and di- 
agnosed at a younger age in indig- 
enous Australian Aboriginal or 
Torres Strait Islander people relative to other 
ethnic and racial groups in Australia (1-3). 
In addition, metabolic control is compar- 
atively poor (4,5), and complications, 
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especially nephropathy (6), are more fre- 
quent (7-9). Although most of the data 
characterizing diabetes in indigenous Aus- 
tralians have been collected from remote 
and rural settings, phase I of the Fremantle 
Diabetes Study (FDS), which was con- 
ducted between 1 993 and 200 1 , confirmed 



that diabetes is common among Aboriginal 
people in an urban Australian community 
and that it presents at a relatively young age 
(10). Aboriginal patients with diabetes in 
FDS phase I had worse glycemic control, 
a higher prevalence of smoking, and a 
higher urinary albumin-creatinine ratio 
(ACR) than the majority Anglo-Celt group. 
The Aboriginal patients died an average of 
18 years younger than their Anglo-Celt 
counterparts (10). 

There is evidence that diabetes care, 
control, and complications have changed 
over the last 10-20 years in developed 
countries such as the U.S. More intensive 
blood glucose-lowering therapies are being 
used (11), and there are increasing efforts 
to control nonglycemic vascular risk factors 
(12,13), which consequently improves 
prognosis (14,15). However, disparities in 
diabetes management and outcome be- 
tween racial and ethnic groups persist 
(12,16). In Australia, recent health initiatives 
such as government-subsidized diabetes- 
specific care plans and improved delivery 
of primary care services to diabetic pa- 
tients have been designed to improve 
outcomes and reduce racial/ethnic in- 
equalities (17-20). The aim of the current 
study was, therefore, to use baseline data 
from FDS phase I and the more recent 
phase II, which recruited patients between 
2008 and 2011, to determine whether 
gaps in the nature and management of 
type 2 diabetes remain between Aboriginal 
and Anglo-Celt Australians. 

RESEARCH DESIGN AND 
METHODS 

Patients 

Both FDS phases are longitudinal obser- 
vational studies carried out in the same 
zip code-defined geographical area sur- 
rounding the port city of Fremantle in 
the state of Western Australia. Details of 
FDS phase I recruitment procedures and 
sample characteristics, including classifi- 
cation of diabetes type and nonrecruited 
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patients, have been published elsewhere 
(21). In brief, any patient resident in the 
study catchment area with a clinician- 
verified diagnosis of diabetes was eligible 
for recruitment. Sources of identification 
and/or diagnostic data included public hos- 
pital inpatient/outpatient clinic lists and 
laboratory databases and notifications 
by local primary care/specialist physicians 
and allied health services, including di- 
abetes education, dietetics and podiatry, 
advertisements in pharmacies and local 
media, and word of mouth. The protocol 
was approved by the Human Rights Com- 
mittee of Fremantle Hospital, and all sub- 
jects gave informed consent. 

We identified 2,258 eligible phase I 
subjects between 1993 and 1996 in the 
local population of 120,000 (crude di- 
abetes prevalence, 1.9%) and recruited 
1,426 (63%). Of 1,444 self-identified 
Aboriginal people living in the study 
area (22), 57 had diabetes (crude preva- 
lence, 4.0%), of whom 19 (33%) were re- 
cruited to the FDS (10). Eighteen (95%) 
had clinically defined type 2 diabetes 
compared with 1,294 (91%) of the total 
cohort. The 819 type 2 diabetic subjects 
of Anglo-Celt ethnicity, based on self- 
identification as well as country of birth, 
country of father's/mother's birth, and 
language spoken at home, represented 
the largest FDS ethnic group (63% of 
the phase 1 type 2 diabetic patients) and 
were selected as the comparator (10). 

FDS phase II was approved by the 
Human Research Ethics Committee of 
the Southern Metropolitan Area Health 
Service and used the same recruitment 
procedures as phase I. However, because 
of the relatively low numbers in phase I, 
an Aboriginal health worker (K.H.) 
found and recruited indigenous patients 
in the local community. Of 4,793 diabetic 
patients identified between 2008 and 
2011 in the local population of 153,000 
(crude diabetes prevalence, 3.1%), 1,668 
(35%) were recruited. Of 2,048 self- 
identified Aboriginal people living in the 
study area (23), 237 had diabetes (crude 
prevalence, 11.6%), of whom 112 
(47.3%) were recruited. One hundred 
and six (94.6%) had clinically defined 
type 2 diabetes compared with 1,509 
(90.5%) of the total cohort. There were 
796 type 2 diabetic Anglo-Celt subjects 
recruited from the local population 
(52.6% of the phase II type 2 diabetic pa- 
tients). Five of the 106(4.7%) Aboriginal 
and 149 of the 796 (18.7%) Anglo-Celt 
phase II type 2 diabetic patients had also 
participated in phase I. 



Methods 

Each FDS phase I participant was as- 
sessed at baseline and invited to attend 
annual reviews for >5 years. For phase II, 
face-to-face assessments are biennial with 
questionnaire follow-up in alternate 
years. Because longitudinal data collec- 
tion in phase II is at an early stage, we 
included only baseline data from both 
phases in the present analyses. All FDS 
face-to-face assessments comprise a 
comprehensive questionnaire, physical 
examination, and standard fasting bio- 
chemical tests (21). For both phases, di- 
abetes type was assessed from diabetes 
treatment history, BMI, age at diagnosis, 
nature of first presentation, and/or self- 
identification. Noninsulin-treated pa- 
tients and those &60 years of age at 
diagnosis were usually considered to 
have type 2 diabetes, as were patients 
<60 years of age at diagnosis and taking 
insulin at the time of study entry but 
whose first treatment was not insulin. In 
these and other cases, case records were 
consulted for evidence of ketonemia, as 
well as islet cell antibody, GAD antibodies, 
serum insulin, and C-peptide levels, if 
available. 

Ethnic background in the FDS was 
based on self-selection, country/countries 
of birth and parents' birth, language(s) 
spoken at home, and, for phase II, country 
of grandparents' birth. In line with Australian 
legal rulings and a range of other studies of 
indigenous Australians with diabetes 
(1,2,4,7), we used self-identification and 
acceptance by the local community as 
the primary criteria for Aboriginality. 
There were no participants who identified 
themselves as from a Torres Strait Is- 
lander ethnic background in either phase 
of the FDS. 

Complications were ascertained us- 
ing standard criteria (24). Micro- and 
macroalbuminuria were defined as a uri- 
nary ACR S3.0 and &30.0 mg/mmol, re- 
spectively, on an early morning urine 
sample, neuropathy as a score of >2/8 
on the Michigan Neuropathy Screening 
Instrument clinical portion, and retinop- 
athy as any grade in either/both eyes on 
direct and/or indirect ophthalmoscopy 
and/or detailed specialist assessment 
(phase I) or retinal photography using a 
nonmydriatic camera (phase II). The esti- 
mated glomerular filtration rate (eGFR) was 
calculated from the serum creatinine (25). 
Peripheral vascular disease (PAD) was de- 
fined as an ankle-brachial index <0.90 or 
a diabetes-related lower-extremity ampu- 
tation. In phase I, prior hospitalizations 



accessed through the Western Australian 
Data Linkage System (26) provided impor- 
tant supplementary data for ascertainment 
of coronary heart disease and cerebrovas- 
cular disease, but this source is not yet avail- 
able for phase II subjects and so these 
complications have not been included in 
the current study. 

Biochemical testing in both phases of 
the FDS was carried out in the same 
nationally accredited diagnostic biochem- 
istry laboratory. The analytical systems 
used are detailed in the Supplementary 
Data. Between-run imprecision for all 
methods was <3.5%, except for urine al- 
bumin and serum HDL-cholesterol in 
phase II, for which it was <5.0%. Serum 
LDL-cholesterol was estimated using the 
Friedewald equation. For assays that had 
changed between 1993 and the present, 
calibration equations were applied to stan- 
dardize all concentrations to current assays 
used for phase II (Supplementary Data). 

Statistical analysis 

The computer package IBM SPSS Statis- 
tics 19 (IBM Corporation, Armonk, NY) 
was used for statistical analysis. Data are 
presented as proportions, mean ± SD, 
geometric mean (SD range), or, in the 
case of variables that did not conform 
to a normal or log-normal distribution, 
median and interquartile range (IQR). 
For independent samples, two-way com- 
parisons for proportions were performed 
by Fisher exact test, normally distrib- 
uted variables by Student t test, and 
nonnormally distributed variables by 
Mann- Whitney U test. Since age and sex 
distributions were different between the 
Aboriginal and Anglo-Celt groups, gener- 
alized linear modeling with adjustment 
for age and sex was used to determine 
whether differences in prevalent diabetes 
complications and their risk factors had 
changed between phases I and II. A two- 
tailed significance level of P < 0.05 was 
used throughout. 

RESULTS — Demographic and anthro- 
pometric details of the Aboriginal and 
Anglo-Celt patients recruited to phases I 
and II are summarized in Table 1. For 
phase I, these data have been published 
previously (10). As a result of the incor- 
poration of the country/countries of 
grandparents' birth in the categorization 
of non- Aboriginal ethnicity and the avail- 
ability of an Aboriginal health worker to 
assist with detailed data collection from Ab- 
original participants in phase II, the ethnic- 
ity of one of the original 18 self-identified 
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Aboriginal type 2 diabetic patients in phase 
I changed when she was recruited to phase 
II, and two others who had not been iden- 
tified as Aboriginal changed to Aboriginal 
in phase II. There were, therefore, 19 type 2 
diabetic Aboriginal patients in phase I. In 
the case of the Anglo-Celt group, the 819 in 
the original report became 796 with addi- 
tional data collected as part of phase II. The 
significant differences in phase I baseline 
characteristics reported originally (10) did 
not change as a result of this reclassification 
(data not shown). 

As in phase I, Aboriginal participants 
in phase II were significantly younger 
than the Anglo-Celt participants, both at 
diagnosis and recruitment. They were 
also less likely to be educated beyond 
primary level and were much more likely 
to be current smokers. The proportion of 
Aboriginal males was lower than in the 
Anglo-Celt group in both phases, but this 
difference was significant with the larger 
sample size in phase II. Phase II Aborig- 
inal subjects were less likely to be married 
or in a de facto relationship than the Anglo- 
Celt subjects. There was a substantial 
(almost 30%) increase in the proportion 
of Aboriginal subjects being educated be- 
yond primary level between phases I and II, 
but this measure of educational attainment 
also increased in the Anglo-Celt group. 

There was an improvement in HbAi c 
in both groups over time (Table 2). How- 
ever, consistent with similar blood glu- 
cose-lowering treatment intensification 
between phases I and II in the two ethnic 
groups, the gap persisted, and 70.6% of 
the Aboriginal subjects in phase II had an 
HbA lc >7.0% at baseline compared with 
only 37.7% of the Anglo-Celt subjects. 
These findings applied to males and fe- 
males considered separately (data not 
shown). A greater proportion of Anglo- 
Celt subjects in phase II were receiving 
antihypertensive treatment compared 
with phase I, but there was no change in 
the Aboriginal group. Despite a signifi- 
cantly lower percentage of Aboriginal pa- 
tients being treated with antihypertensive 
therapy in phase II, there was no differ- 
ence in blood pressure compared with the 
Anglo-Celt group. There was a dramatic 
increase in the percentage of patients tak- 
ing lipid-modifying treatment (largely 
statins) between phases I and II in both 
ethnic groups, but fewer Aboriginal pa- 
tients were receiving this form of treat- 
ment in both phases despite adverse 
lipid profiles, especially relatively high se- 
rum triglycerides and low serum HDL- 
cholesterol in phase II. 
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In relation to complications, Aborig- 
inal patients were more likely to have 
retinopathy than Anglo-Celt patients in 
both phases (Table 2). The improvement 
in HbA lc with time was not associated 
with a reduction in the prevalence of ret- 
inopathy in either group, and the same was 
true of peripheral sensory neuropathy, 
which increased in both groups, especially 
the Anglo-Celt patients. Microalbuminuria 
was more prevalent in the Aboriginal 
patients in phase II. The prevalence of 
PAD increased in Aboriginal but decreased 
in Anglo-Celt participants. 

CONCLUSIONS— In both phases I 
and II of the FDS, the Aboriginal partic- 
ipants were younger at recruitment and 
diagnosed with type 2 diabetes at a youn- 
ger age than those of Anglo-Celt ethnicity. 
They had worse glycemic control and 
were more likely to have microvascular 
complications, especially in the larger 
sample that participated in phase II. The 
Aboriginal subjects were also more likely 
to smoke and, in phase II, to have diabetic 
dyslipidemia (high serum triglycerides 
and low HDL-cholesterol) and PAD. Thus, 
despite attempts to improve diabetes- 
related outcomes and reduce racial/ethnic 
inequalities in primary care over the last 
15-20 years (17-20), Aboriginal Australians 
with type 2 diabetes remain substan- 
tially worse off than their Anglo-Celt 
counterparts. 

There have been improvements in the 
15 years between the phase I and II 
registration periods. Glycemic control im- 
proved in the two ethnic groups. However, 
although the majority of Anglo-Celt sub- 
jects had achieved the nationally recom- 
mended target HbA lc of <7.0% (27) by 
phase II, over two-thirds of the Aboriginal 
patients had not. There was evidence that 
Aboriginal patients in phase II were more 
likely to be treated with oral blood glucose- 
lowering therapies or insulin than the 
Anglo-Celt patients. However, the HbA lc 
data suggest that Aboriginal patients are 
being treated less intensively than they 
should, especially given their relatively 
young age and increased prevalence of es- 
tablished microvascular complications. 
This disparity could be explained by pri- 
mary care and hospital-based, diabetes- 
specific facilities that do not attract and 
retain Aboriginal patients because of a 
failure to recognize important cultural sen- 
sitivities in the provision of care. Alterna- 
tively, adherence with treatment might be 
lower in Aboriginal patients, perhaps re- 
flecting ethnicity-specific differences in 



disposable income, prioritization of health 
behaviors, and understanding of the long- 
term benefits of optimal treatment. 

Smoking rates among the Anglo-Celt 
patients had halved over the 15 years to 
only 8.2%, but almost half of the Aborig- 
inal patients were current smokers in both 
phases of the FDS. A similar high prev- 
alence of smoking has been found in 
remote Aboriginal communities (28). Al- 
though the percentages of Aboriginal type 
2 diabetic patients who were current 
smokers did not change over time, there 
was the suggestion, albeit not significant, 
that more Aboriginal type 2 diabetic pa- 
tients had started smoking and more had 
quit in phase II compared with phase I. 
Although requiring confirmation, this 
suggests that contemporary antismoking 
programs are relatively ineffective in in- 
digenous patients contemplating smok- 
ing for the first time. 

The Aboriginal participants did not 
have higher blood pressures than the 
Anglo-Celt participants in either phase, 
as found in other studies (5). There was, 
however, significantly greater use of anti- 
hypertensive medications by the Anglo- 
Celt subjects in phase II, especially ACE 
inhibitors and angiotensin receptor 
blockers. This may help explain their 
lower prevalence of microalbuminuria, 
which is itself a strong cardiovascular 
risk factor in type 2 diabetes (29). In- 
deed, a lower percentage of Aboriginal 
patients were taking renin-angiotensin 
system blocking agents than had micro- 
albuminuria in both phases, suggesting 
that these drugs were underutilized in 
this group. There was also a trend towards 
a slower uptake in use of renin-angiotensin 
system blockers by Aboriginal patients 
relative to the Anglo-Celt group between 
phases I and II. 

The substantial increase in use of 
lipid-modifying therapy by both groups 
reflects changes in practice resulting from 
major trials such as the Heart Protection 
Study (30) and Collaborative Atorvastatin 
Diabetes Study (31) published between 
the two FDS phases. However, significantly 
fewer phase II Aboriginal patients were tak- 
ing this form of treatment than Anglo-Celt 
patients despite >40% of them having a 
serum LDL-cholesterol above the Australian 
nationally recommended target range of 
<2.5 mmol/L (32). 

The higher prevalence of microvas- 
cular disease in the Aboriginal group, 
especially in phase II, is likely to largely 
reflect their worse glycemic control. How- 
ever, the fact that the prevalence of both 



retinopathy and neuropathy did not de- 
crease between phases I and II despite an 
improved median HbA lc in both groups 
may be, in part, a function of the longer 
diabetes duration and older age of phase 
II subjects (33,34). The more systematic 
collection of retinopathy data by retinal 
photography in phase II may also have 
contributed. Despite a higher prevalence 
of microalbuminuria in the Aboriginal 
group, especially in phase II, serum creati- 
nine and eGFR did not differ by ethnicity in 
either phase. This finding reflects previous 
research suggesting that albuminuria is a 
better prognostic marker than eGFR for 
chronic kidney disease in indigenous pa- 
tients with type 2 diabetes (35). 

The prevalence of PAD increased in 
the Aboriginal group between phases I 
and II and decreased in the Anglo-Celt 
group. Since smoking is a strong risk 
factor for this macrovascular complica- 
tion (24), it is likely that the continued 
high rates of current smoking among the 
Aboriginal patients and decreased rates in 
the Anglo-Celt group were primarily re- 
sponsible. Smoking has also been shown 
to correlate significantly with carotid 
intima-media thickness (36) and mea- 
sures of arterial stiffness (37) in Aboriginal 
patients. Diabetic dyslipidemia, as observed 
more frequently in phase II Aboriginal 
participants than the Anglo-Celt partici- 
pants, may also be contributory, as has 
been found in other studies of arterial 
structure and function in Aboriginal Aus- 
tralians (38). PAD is independently asso- 
ciated with an increased risk of cardiac 
death (24), and the development of this 
complication might help explain the rel- 
atively high rate of premature deaths in 
Aboriginal patients with type 2 diabetes 
in phase I (10). Indeed, despite the lim- 
ited phase II follow-up period, 7.1% of 
the Aboriginal phase II patients had died 
by the end of 2011 compared with only 
3.9% of the remainder. 

Our study had limitations. The num- 
ber of Aboriginal participants in phase I 
was small and they may not have been 
representative of the local indigenous 
population at the time. Some variables 
in this group and the magnitude of their 
change between phases I and II had 
relatively wide confidence intervals, and 
there may have been additional signifi- 
cant differences both between groups and 
across time had there been more phase I 
indigenous participants. However, as 
noted in the original publication (10), 
the main findings in the Aboriginal group 
in phase I were consistent with those of a 
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range of other studies. This includes a 
greater representation of women than 
men (39), which was also evident in phase 
II and does not appear to be due to a sur- 
vivor effect given the higher risk of coro- 
nary heart disease among Aboriginal 
women (8). We did not have sufficient 
longitudinal data from phase II to com- 
pare with those from phase I but, because 
of the procedural improvements in phase 
II, it is likely that there will be more com- 
plete follow-up especially for the Aborig- 
inal participants. Additional data relating 
to social, economic, and psychological 
factors that could influence metabolic 
control and complications have been col- 
lected and are being validated for special 
groups such as Aboriginal patients, but 
their inclusion in the analyses was beyond 
the scope of the current study. 

The present data parallel those from 
the National Health and Nutrition Exam- 
ination Survey (NHANES) between 1999 
and 2008, which show improvement in 
glycemic control and nonglycemic risk 
factors but continuing disparities be- 
tween ethnic groups, with whites faring 
better than blacks and Hispanics (12,16). 
Smoking rates, which have remained sta- 
ble in NHANES (12), have also proved 
difficult to change in Australian Aborigi- 
nal patients provided with intensified di- 
abetes management in both urban (5) and 
remote (40) settings. However, the reduc- 
tion in smoking observed in our Anglo- 
Celt patients gives some cause for hope. 
There is a continuing need for effective, 
culturally specific diabetes prevention 
and management programs for type 2 
diabetes in Australian Aborigines that 
should target glycemic control, lipid man- 
agement, and smoking in particular, per- 
haps supplemented by other initiatives, 
including free or heavily subsidized medi- 
cations for such high-risk groups. The sig- 
nificant increase in educational attainment 
in Aboriginal patients between the two pha- 
ses of the FDS could mean that new initia- 
tives are adopted more readily in future. 
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